, and Will Cresswell 1, * Long-distance migratory bird populations are likely to be declining because of climate change shifting habitats or anthropogenic habitat loss [1] , but this may be mediated by the size of the non-breeding area over which a population spreads (migratory spread), and migration distance (or number of stop-over sites). High migratory spread may make populations more resilient to climate change because they already encompass shifting habitats, but less resilient to uneven habitat loss that may not affect populations with low migratory spread [2] ( Figure 1C ). As migration distance increases so the probability of encountering a stop-over site with negative environmental change increases [3] ( Figure 1D ). Consequently, if habitat shift through climate change is the main driver of declines we predict more positive population trends for high spread migrants, but the reverse for outright habitat loss ( Figure 1E) ; we also predict negative population trends for longer distance migrants ( Figure 1F ). But these relationships may vary between fl yways, which differ profoundly in their climate variation, human population change and geography. Here we show that climate change may be more important in Neotropic migrant population declines whereas habitat loss may be more important in the Afro-Palearctic. We used all available published individual migration tracks (tracked from breeding to non-breeding grounds) of 875 adult landbirds from 122 populations of 48 species ( Figure 1A,B from the same population on the non-breeding ground; data as in [4] , with the addition of 17 more recent studies). We modelled each species' population status, using the most current IUCN assessment of declining, stable and increasing populations [5] , against its nonbreeding ground mean spread and mean distance of migration. We also included whether the species was in the Neotropic or AfroPalearctic fl yway, and interactions dependent on fl yway, and controlled for the latitudinal zone of wintering (approximately the Caribbean and Central America versus South America, and Africa north and south of the equator), the longitude and latitude of the breeding population, and the phylogeny of the migratory species considered [4] . In the Neotropic fl yway, species with low spread (high connectivity) were signifi cantly more likely to have declining populations (t 11.8 = 3.7, P<0.01), whilst in the Afro-Palearctic fl yway, species with high spread (low connectivity) were more likely to have declining populations (t 27.7 = -2.2 P=0.033; interaction between fl yway and migratory spread, t 41.3 = 3.9, P<0.001; Figure 1G ; Supplemental information). In the Neotropic fl yway, species with greater migratory distances were signifi cantly more likely to have declining populations (t 9.1 = -3.5, P<0.01), whilst in the Afro-Palearctic fl yway there was no relationship (t 27.4 = -0.2; interaction between fl yway and migration distance, t 39.6 = -2.2, P=0.034; Figure  1H ; Supplemental information). Fixed effects accounted for 30% of the variation in population trend, with phylogeny contributing an additional 5%. Migratory spread and migration distance accounted for 55% and 13% of variation in population trends in the Neotropic and Afro-Palearctic fl yways, respectively.
The positive correlation between population trend and migratory spread suggests that climatechange-driven shifts in the location of non-breeding habitat could be a cause of population declines in the Neotropic fl yway. In contrast, there was a weak negative relationship between population trend and migratory spread in the AfroPalearctic fl yway, suggesting that habitat loss is occurring unevenly across Africa with a diluted impact on species with low spread. Longterm climatic conditions in South America may have been more stable in comparison to Africa [6] , where climate varies across a continental scale between decades [7] . Migrant birds in the Afro-Palearctic fl yway may then have already evolved generalist traits and a bet-hedging strategy of wide migratory spread in response [2] . Although habitat loss through land-use change occurs in both fl yways, human population growth (a reasonable proxy for rates of anthropogenic habitat transformation) is occurring at a much greater rate in Africa but it is uneven and concentrated regionally (i.e. countries including and around Nigeria, and Uganda) [8] . The differences between fl yways in the effects of migration distance may then refl ect current climate change and habitat loss in Central America and the Caribbean removing stopover sites now, whereas at equivalent latitudes in Africa these were removed fi ve thousand years ago with the formation of the Sahara [9] .
Other factors acting on breeding and non-breeding grounds are also likely to be important drivers, such as phenology mismatch [3] . Nevertheless, our results highlight how non-breeding migratory spread (migratory connectivity) might help explain general population trends of long-distance migrant birds, because migratory spread is likely to be an indication of a suite of bet-hedging adaptations to past variable climate and so a guide to future climate change responses, and how these might differ across fl yways.
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